Interleukin-1b (IL-1b) is an important inflammatory cytokine. The associations between IL-1b gene -511C>T/+3954C>T polymorphisms and aggressive periodontitis (AgP) susceptibility have been conflicting. We therefore conducted a meta-analysis to investigate the association of IL-1b genetic polymorphisms with susceptibility to AgP.
Background
Aggressive periodontitis (AgP) is a complex multifactorial infectious disease of tooth-supporting tissues. It is characterized by rapid progressive damage of tooth-supporting tissues, such as alveolar bone loss with pocket formation, gingival inflammation, and recession [1] . This disease is the major cause of tooth loss in populations worldwide. Current evidence indicates that the interactions among different risk factors, such as microbiological factors, immunological factors, life habits, and genetic factors, are critical during periodontitis development [2] .
Interleukin-1 (IL-1) is a critical cytokine involved in most inflammatory responses, and it has been implicated in mediating acute and serious inflammatory diseases [3] . The IL-1 gene family includes 2 functionally similar types (IL-1a and IL-1b), which are located in a cluster of human chromosome 2q13 [4] . IL-1b is produced by many cell types, including macrophages, monocytes, and T cells. Many recent studies have proven that high expression of IL-1b may be associated with inflammatory diseases, such as arthritis and bowel inflammation, and cancer conditions, such as gastric and oral cancers [5] [6] [7] . IL-1b has been reported to be a central pro-inflammatory cytokine of the immune system, as well as an important mediator during the pathogenesis of periodontal diseases [8, 9] . A number of molecular studies proved that the IL-1b levels of gingival crevicular fluid and gingival tissue are significantly higher in AgP subjects [10] [11] [12] .
Single-nucleotide polymorphism (SNP) is one of the most important types of gene mutation that influences gene transcription and translation, and it promotes the susceptibility of disease development [13, 14] . IL-1b -511C>T and +3954C>T polymorphisms are the 2 most common loci that are thought to change the susceptibility of individuals to inflammation-induced periodontal diseases.
In 2002, Tai et al. [15] conducted the first study about the 2 polymorphisms of the IL-1b gene and AgP risk in a hospitalbased Japanese study. As of this writing, several epidemiological studies have investigated the association between IL-1b -511C>T and +3954C>T polymorphisms and AgP susceptibility. In 2008, Nikolopoulos et al. [16] reported a recent metaanalysis that involved only 5-511C>T polymorphism and 16 +3954C>T polymorphism case-control studies. Several new studies had been published, but the results are still controversial. Considering the importance of IL-1b in the development of AgP, we conducted a meta-analysis of all relevant studies to clarify the association between IL-1b -511C>T and +3954C>T polymorphisms and AgP risk.
Material and Methods
All methods used in this meta-analysis were performed following the guidelines of Meta-analysis of Observational Studies in Epidemiology [17] .
Search strategy
Two online electronic databases (PubMed and Embase) were searched using the terms "periodontitis," "aggressive periodontitis," "AgP," "Interleukin-1," "IL-1," "polymorphism," "variant," and their combined phrases for all studies on the association between IL-1b polymorphisms and AgP risk, up to February 1, 2015. All selected studies satisfied the following inclusion criteria: (1) case-control or cohort design study on IL-1b polymorphisms and AgP; (2) focus on IL-1b -511C>T and +3954C>T polymorphisms; and (3) sufficient genotype frequency to estimate the odds ratio (OR) and 95% confidence interval (CI). Exclusion criteria included review articles, case reports, and animal models. The largest or most recently published studies were selected when similar or overlapping data were present.
Data extraction
Two reviewers (Hu and Liu) independently extracted the following information from all collected studies: the first author's name, publication date, country and racial descent (categorized as either Asian or white), sources of controls, number of cases and controls with different genotypes, Hardy-Weinberg equilibrium (HWE), and minor allele frequency. A third reviewer (Niu) was introduced to adjudicate any discrepancies in each item for consistency.
Statistical analysis
ORs with 95% CIs were calculated to evaluate the strength of the association between the IL-1b polymorphisms and AgP risk. For IL-1b -511C>T and +3954C>T polymorphisms, the pooled ORs were obtained for allele contrast (T vs. C), co-dominant model (CT vs. CC and TT vs. CC), dominant model (CT+TT vs. CC), and recessive model (TT vs. CC+CT). In subgroup analysis, HWE, ethnicity, and study design were also analyzed statistically. Heterogeneity was calculated based on Cochran's Q and I 2 statistics [18] . ORs were estimated using a random-effects model (DerSimonian and Laird method) when I 2 was greater than 50%; otherwise, a fixed-effects model (Mantel-Haenszel method) was used [19] . Cumulative meta-analyses and sensitivity analysis were conducted to evaluate the stability of the results by sequentially removing each study in each model. Potential publication bias was analyzed by Egger's linear regression and Begg's funnel plot [20] . Statistical analysis was performed using STATA version 11.0 (Stata Corporation, College Station, TX, USA), with 2-sided P values. P<0.05 considered significant.
Results

Study characteristics
A total of 342 articles were obtained through the literature search. The flow chart of study selection is shown in Figure 1 . In the first step of title and duplicate screening, 288 studies were excluded. In the remaining 54 studies, 34 studies were excluded (5 were reviews, 7 focused on molecular research, 7 were about the research polymorphism locus, and 15 were not about the relevant gene and AgP risk). Twenty publications with sufficient data were collected in our meta-analysis [15, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] . Out of these 20 articles, 8 case-control studies with 522 cases and 683 controls described the association between IL-1b -511C>T polymorphism and AgP risk [15, 23, 25, 27, 30, [32] [33] [34] , and 22 case-control studies involving 965 cases and 1234 controls focused on the relationship of IL-1b +3954C>T polymorphism and AgP susceptibility [15, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] . Only 2 studies deviated from the finding of HWE in IL-1b +3954C>T polymorphism [35, 37] . The characteristics of the selected studies are summarized in Table 1 .
Quantitative analysis
For IL-1b -511C>T polymorphism
Eight related publications (522 cases and 683 controls) reported on the association between IL-1b -511C>T polymorphism and AgP risk [15, 23, 25, 27, 30, [32] [33] [34] . Three studies described Asian populations [15, 25, 32] , and 5 studies described white populations [23, 27, 30, 33, 34] .0%]. In subsequent analysis without the 2 studies that deviated from the HWE, consistent results were found in all 5 genotype models. In the stratified analysis of ethnicity and study design, a similar lack of associations was found between IL-1b -511C>T polymorphism and AgP risk ( Table 2 ).
Sensitivity and cumulative analyses showed that no single study qualitatively changed the pooled ORs, indicating that the results of this meta-analysis were highly stable. Funnel plot and Egger's test were performed to estimate publication bias, and no asymmetrical evidence was revealed. The results were further supported by data analysis using Egger 
For IL-1b +3954C>T polymorphism
The 20 articles included 22 case-control studies (965 cases and 1234 controls) focused on IL-1b +3954C>T polymorphism [15, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] . Five studies focused on Asian populations [15, 22, 25, 32, 36] , and 15 studies described white populations [21, 23, [27] [28] [29] [30] [31] [33] [34] [35] [37] [38] [39] , and 2 studies assessed mixed populations [24, 26] Table 2) . Further stratified and subgroup analyses according to ethnicity and control design were conducted, and no significant association was found. Heterogeneities were observed in the following 3 models: T vs. C, TT vs. CC, and TT vs. CC+CT. Meta-regression analyses were conducted, and no significant key factors for heterogeneity were identified. However, subgroup analysis by ethnicity and control design revealed the heterogeneities in some models.
Sensitivity and publication bias were also determined. No conspicuous changes in the pooled ORs (Figure 3 
Discussion
In 1999, the new criteria for classification of periodontal disease were published. AgP is a type of periodontal disease that includes 2 severe subvarieties: generalized aggressive periodontitis and localized aggressive periodontitis. Sometimes, AgP exhibits the following features: patients are always young people with rapid loss of attachment and bone destruction, and familial association. A number of etiology studies have shown that the occurrence of AgP mainly includes 2 aspects: (1) microbial factors, particularly Actinobacillus actinomycetemcomitans infection, which is a critical pathogen in AgP patients; and (2) human immunity defects, which are often associated with AgP risk. In past years, the differences in periodontitis among individuals were not always interpreted to oral hygiene status. Currently, genetic factors are considered strong determinants of this disease. Gene mutation, particularly SNPs, may change the expression level of a protein and then alter the immune response, thereby influencing patients' susceptibility to AgP development.
IL-1, with its proinflammatory properties, has been implicated in the pathogenesis of periodontitis. Moreover, it is involved in inflammation during AgP development. In 2002, Tai et al. [15] reported the first negative result about the association between IL-1b -511C>T or +3954C>T polymorphism and AgP risk. Since then, a substantial number of studies on the association between IL-1b -511C>T or +3954C>T polymorphism and AgP [24] found that the T allele of IL-1b +3954C>T polymorphism is significantly associated with AgP in Chilean patients (OR=2.86, 95% CI=1.06-7.71, P=0.03). Similar results were also revealed in English patients with IL-1b +3954C>T polymorphism [23] . Furthermore, the IL-1b −511 CT heterozygote exhibited a significantly positive association in a male Chinese AgP group (OR=3.16, 95% CI=1.01-9.89, P=0.048) [25] . However, numerous studies obtained negative results.
In our meta-analysis, no significant association between IL-1b -511C>T or +3954C>T polymorphism and AgP risk was found in overall pools. Further analyses on gene models and groups stratified by ethnicity and control design were conducted to obtain more precise results. This investigation could provide a useful summary of the relationship between IL-1b -511C>T or +3954C>T polymorphism and AgP risk, and help improve clinical understanding needed to construct a molecular basis for the diagnosis and treatment of AgP. Meta-analysis estimates, given named study is omitted However, some limitations should be addressed. First, the sample size was still relatively small for each polymorphism, particularly for IL-1b -511C>T locus, which decreased the statistical power of results or resulted in a different conclusion. Second, a certain degree of heterogeneity existed in the IL-1b +3954C>T locus in the 4 genetic models. Subgroup analyses indicated that this heterogeneity could be explained by ethnicity and control design. Other factors, such as environment, living habits, and age, might contribute to heterogeneity, but these interactions were not investigated in this study because of unavailable data. Third, only 2 polymorphisms were analyzed in our meta-analysis. Haplotype analyses of the 2 polymorphisms were not conducted because of insufficient haplotype data from the included reports, although haplotype analysis may be more precise and credible. Despite these limitations, no qualitative changes were found in sensitivity and publication bias in this meta-analysis, thereby indicating that the results on the possible association between IL1b -511C>T or +3954C>T polymorphism and AgP risk were statistically robust.
Conclusions
The results of this meta-analysis suggest that IL-1b -511C>T and +3954C>T polymorphisms are not key factors in AgP development. Considering the importance of IL-1b during AgP progression, more large-scale case-control studies are necessary to explore the association and potential haplotype and gene -environment interactions between IL-1b polymorphisms and AgP risk.
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